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1.  LAY OUT A NETWORK - THE DIMENSIONS OF THE SOIL ABSORPTION SYSTEM WERE ESTABLISHED BY APPLYING THE EFFLUENT LOADING RATES FROM 310 CMR15.242.  A LAYOUT WITH A CENTRAL MANIFOLD WAS CHOSEN AS THIS FITS SPACE CONSTRICTIONS AND OUR DESIRE TO LIMIT THE LENGTH OF THE DISTRIBUTION LINES.  A SINGLE MANIFOLD WILL BE LOCATED IN THE MIDDLE OF THE SOIL ABSORPTION SYSTEM.     2.  SELECT PERFORATION SIZE AND SPACING - DEP ADVOCATES THAT DESIGNS INCLUDE AS MANY PERFORATIONS AS POSSIBLE WITH PERFORATION SIZES IN THE RANGE BETWEEN 1/8 INCH AND 5/8 INCH IN SIZE.  WE CHOOSE PERFORATIONS 1/8 INCH DIAMETER IN ORDER TO KEEP THE REQUIRED PUMP PERFORMANCE AS REASONABLE AS POSSIBLE.  WE CHOOSE TO LOCATE THE PERFORATIONS AT 5 O'CLOCK AND 7 O'CLOCK AS SEEN IN A CROSS SECTION OF THE DISTRIBUTION LATERALS TO AVOID THE NEED FOR EXTRA SHIELDING.  WE BEGIN WITH THE CHOICE OF FAIRLY TYPICAL 2 INCH DIAMETER DISTRIBUTION LATERALS.  FROM FIGURE 8A IN APPENDIX B OF THE PRESSURE DISTRIBUTION DESIGN GUIDANCE WE FIND THAT FOR 56 FOOT LONG DISTRIBUTION LATERALS HAVING A 2 INCH DIAMETER AND 1/8 INCH PERFORATIONS THE RECOMMENDED SPACING OF THE PERFORATIONS IS BETWEEN 2 AND 3 FEET APART.  WE WILL USE A PERFORATION SEPARATION OF 4 FEET.  THIS IS ABOVE THE RECOMMENDATION OF THE CHART BUT STILL BELOW DEP'S RECOMMENDED MAXIMUM OF 5 FEET SEPARATION.   3.  CALCULATE THE LATERAL DISCHARGE RATE - A MINIMUM DISTAL HEAD PRESSURE OF 2.5 FEET IS EXPECTED FOR PRESSURE DISTRIBUTION SYSTEMS TO MINIMIZE VARIATION IN THE APPLICATION OF EFFLUENT OVER THE SOIL ABSORPTION SYSTEM.  HOWEVER, THE HEAD APPLIED TO EACH DOSE OF EFFLUENT PUMPED OUT OF THE PUMP CHAMBER SHOULD NOT BE EXCESSIVE TO AVOID UNNECESSARY FRICTION LOSS IN THE SYSTEM AND UNNECESSARY REQUIREMENTS FOR PUMPING POWER.  WE WILL CHOOSE TO HAVE THE MINIMUM DISTAL HEAD PRESSURE OF 2.5 FEET.  SO, USING TABLE 1 OF APPENDIX C OF THE PRESSURE DISTRIBUTION DESIGN GUIDANCE WE FIND THAT FOR IN LINE PRESSURE OF 2.5 FEET OF HEAD AND 1/8 INCH DIAMETER PERFORATIONS THE DISCHARGE RATE FOR EACH PERFORATION IS 0.29 GALLONS PER MINUTE.  EACH 56 FOOT LONG LATERAL SHALL HAVE 13 PERFORATIONS SO THE LATERAL DISCHARGE RATE IS 13x0.29 = 3.77 GPM.   4.  CALCULATE THE MANIFOLD SIZE - USING TABLE 2 OF APPENDIX C OF THE PRESSURE DISTRIBUTION DESIGN GUIDANCE AND WITH A LATERAL DISCHARGE RATE OF 3.77 GPM AND AN INTENDED LATERAL SPACING OF 8 FEET APART (CENTERED OVER 2' WIDE TRENCHES EACH 6' APART) WE HAVE TO EXTRAPOLATE FOR A PROPOSED 12 INCH DIAMETER MANIFOLD APPROXIMATELY 192 FEET LONG BUT IT SEEMS REASONABLE GIVEN THAT A MANIFOLD AS SMALL AS 5 INCH DIAMETER WOULD BE ACCEPTABLE ACCORDING TO TABLE 2.  USING THIS EXTRA LARGE DIAMETER MANIFOLD WILL HELP TO EVEN OUT FLOW TO THE DISTRIBUTION LINES. 5.  DETERMINE THE DOSE VOLUME - DEP SUGGESTS THAT THE MINIMUM DOSE VOLUME SHOULD BE FIVE TO TEN TIMES THE VOLUME OF THE DISTRIBUTION LATERAL NETWORK.  THE PRESSURE DISTRIBUTION DESIGN GUIDANCE ADVISES DOSING AS FREQUENTLY AS POSSIBLE.  WE PROPOSE FOUR DOSES PER DAY.   WITH A DESIGN LOADING OF 7480 GALLONS PER DAY, THIS GIVES A DOSE VOLUME OF 1,870 GALLONS.  BUT EACH TIME THAT DOSE IS APPLIED TO THE SOIL ABSORPTION SYSTEM, THE MANIFOLD AND FORCE MAIN WILL ALSO BE FILLED WITH EFFLUENT THAT DRAINS BACK TO THE PUMP CHAMBER.   THE VOLUME OF THE 12" MANIFOLD IS (PI(1 ))/4 X 192 FEET LENGTH=150.8 CUBIC FEET OR 1,128 GALLONS.  THE VOLUME OF THE 6" FORCE MAIN IS (PI(0.50 ))/4 X 398 FEET LENGTH=33.8 CUBIC FEET OR 253 GALLONS.  SO THE TOTAL VOLUME THAT MUST BE PUMPED WITH EACH DOSE IS 1,870 + 253 + 1,128 = 3,251 GALLONS.  THE VOLUME OF THE LATERAL NETWORK IS 42 X (PI(0.167 ))/4 X 56 FEET LENGTH = 51.5 CUBIC FEET OR 385.2 GALLONS.  SO, THE DOSE VOLUME OF 3,251 GALLONS IS 8.42 TIMES THE LATERAL VOLUME AND COMFORTABLY WITHIN THE RANGE OF 5-10 TIMES LATERAL VOLUME SUGGESTED BY DEP. 6.  CALCULATE THE MINIMUM PUMP DISCHARGE RATE - THE MINIMUM PUMP DISCHARGE RATE IS DETERMINED BY ADDING THE LATERAL DISCHARGE RATES.  SO THE MINIMUM PUMP DISCHARGE RATE FOR THIS SYSTEM IS 42 X 3.77 GALLONS PER MINUTE PER LATERAL = 158 GALLONS PER MINUTE. 7.  CALCULATE THE TOTAL FRICTION LOSSES - DEP RECOMMENDS CALCULATING FRICTION LOSS USING A VARIATION OF THE HAZEN WILLIAMS EQUATION, FRICTION LOSS = Ld(3.55Qm/ChDd   )    WHERE Ld IS THE LENGTH OF THE FORCE MAIN FROM THE PUMP CHAMBER TO THE DISCHARGE LATERAL NETWORK, IN FEET, Dd IS THE PIPE DIAMETER OF THE FORCE MAIN IN INCHES, Qm IS THE DISCHARGE RATE IN GALLONS PER MINUTE AND Ch IS EQUAL TO 150 FOR PLASTIC PIPE.   THE LENGTH OF THE FORCE MAIN IS 398 FEET BUT THERE ARE EXPECTED TO BE ONE 90° VERTICAL BEND INTHE LINE AND TWO 90° HORIZONTAL BENDS, TWO 45° HORIZONTAL BENDS AS WELL AS A GATE VALVE THAT THEEFFLUENT WILL PASS THROUGH AND TWO EXPANSIONS.  THESE FEATURES ADD EQUIVALENT LENGTH TO THE DISTANCE PUMPED SO THAT THE TOTAL EQUIVALENT LENGTH THAT MUST BE USED FOR Ld IS 398' + 1(13') + 2(13') + 11'+ 2.5' + 2(10') = 470.5 FEET.  Qm=158 GALLONS PER MINUTE, SO THE FORMULA BECOMES: FRICTION LOSS = 470.5(3.55(158)/150(4)   )    = 6.0 FEET IN THE FORCE MAIN  AND DEP SUGGESTS ASCRIBING NETWORK LOSSES DUE TO FRICTION OF 1.31XDISTAL HEAD PRESSURE OR 1.31X2.5'=3.28 FEET, GIVING TOTAL FRICTION LOSS IN THE FORCE MAIN AND NETWORK OF 4.3 FEET.    WITH A STATIC HEAD DIFFERENCE OF 44.58 FEET (LATERAL INVERT=350.70 - PUMP OFF ELEV.=306.12), WE GET A TOTAL DYNAMIC HEAD OF 50.6 FEET.  8.  SELECT THE PUMP UNIT - USING THE PARAMETERS OF A PUMP HAVING TO DOSE 158 GPM AGAINST 50.6' TDH, WE SELECT A BARNES MODEL 4SE7544L 7.5 HP (OR APPROVED EQUAL) PUMP WHICH CAN PERFORM AT THOSE RATES AND WILL HAVE A 4 INCH DISCHARGE. 9.  SIZING THE PUMP CHAMBER - THE PUMP CHAMBER MUST BE OF A CAPACITY TO HOLD THE DAILY DESIGN FLOW OF THE SYSTEM ABOVE THE HIGH WATER ALARM.  THE HIGH WATER ALARM WILL BE AT ELEVATION 309.50 WHILE THE INVERT ELEVATION OF THE DISCHARGE LINE WILL BE AT 316.45, 6.95 FEET HIGHER.  WITH INSIDE DIMENSIONS OF 16' X 9', THIS GIVES AN EMERGENCY STORAGE VOLUME OF 1,009 FT OR 7,490 GALLONS, JUST OVER THE DAILY DESIGN FLOW OF 7,480 GALLONS,  AS REQUIRED BY DEP.  
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